INTRODUCTION
Explosions are the leading cause of death on the battlefield [1] . These explosives generate shock waves which stimulate large accelerations and deformations. The resulting loads pose serious threats to military and civilians. Since lower extremities are in direct contact with the ground, the lower extremities are commonly injured during explosions [2] . These injuries could be seriously fatal. Although experimental studies have been performed to advance these understandings [2] , limited progress has been made in computational analysis of shock waves on the lower extremity.
In this study, the lower extremity has been modeled with a robust mesh created for a Finite Element Analysis (FEA) of blast conditions and analyzed. The goal of this research study is to evaluate the biomechanical response of the lower extremity after an explosion using Abaqus/Explicit software [Dassault Systèmes SIMULIA, France]. In order to accomplish this goal, a complex, accurate, and computationally cost-effective model of the lower extremity must be created.
METHODOLOGY
The geometry of the lower extremity was developed from axial computed tomography (CT) scans and cryosections contained from the National Library of Medicine's Visible Human Male. One thousand one hundred and thirty-four images were obtained and used in a stack for both the CT scans and the cryosections. The spacing between these images was 1 mm apart along the vertical axis. The outer contour and muscles were constructed from the cryosections, while the bones were more easily obtained from the CT images.
To model the outer contour of the lower extremity, a threshold function and smooth function were used in ImageJ [National Institutes of Health, Bethesda, MD]. Next, Mimics software [Materialise, NV] was used to automatically threshold and region grow to remove any excess artifacts.
Once the CT images were imported into Mimics, the bones were segmented using the threshold function for bone and the region growing function to remove unnecessary artifacts. The bones were then separated manually into the following different groups: hip bones, femur, patella, tibia, fibula, talus, calcaneus, and tarsals/metatarsals/phalanges.
To segment the muscles, the cryosection images were first edited in ImageJ using the color threshold function according to the red color of muscles. Mimics software was then used to segment and group the muscles. Nine different groups of muscles were selected according to function and location and segmented. The muscle groups can be summarized as follows: gluteus maximus, gluteus medius, gluteus minimus, anterior thigh, biceps femoris, sartorius/gracilis/semitendonous, calf muscles, tibialis/proneus/extensor muscles, and foot muscles.
Once the contour, bones, and muscles were segmented into separate masks each mask was computed into a 3D image. Using the 3D image of the contour, a simple mesh was created using Materialise's 3-matic software [Materialise, NV] . This mesh was directly exported into Abaqus; however, in order to run a blast simulation, the lower extremity mesh must be enclosed in an "air" mesh [3] . This mesh was formed by creating a mask in Mimics and exporting the 3D image into 3-matics. Each mesh was inspected, optimized, and exported into Abaqus/Explicit.
Using Abaqus/Explicit, blast simulations were performed. For the preliminary study, only the outer contour of the lower extremity was used. Material properties were assigned to the air and leg mesh. Symmetry and boundary conditions were applied to the leg. The Finite Element (FE) model was then subjected to an initial blast wave, Proceedings of the ASME 2011 Summer Bioengineering Conference SBC2011 June 22-25, Nemacolin Woodlands Resort, Famington, Pennsylvania, USA 
SBC2011-53612 DEVELOPMENT OF A LOWER EXTREMITY MODEL FOR FINITE ELEMENT ANALYSIS AT BLAST CONDITION

RESULTS
The current model is composed of a total of 18 different objects. The main components modeled were the contour, bones, and muscles which can be seen in Figures 1A, 1B, and 1C , respectively. The mesh of the lower extremity contour and air were successfully exported into Abaqus, as seen in Figure 2 , for use in the FE blast simulation.
The two meshes together contained approximately 200,000 tetrahedral elements. When the meshes were checked for errors in Abaqus, no errors were found and, less than 1% of the model contained warnings. The simulation results provide evidence of pressure wave propagation through the lower extremity. Figure 3 shows the von Mises contour plot at 170 µs after the initial explosion. Regions of stress concentrations are observed in the foot area. 
CONCLUSION AND DISCUSSION
We generated a lower extremity model using Mimics that will help in the development of our finite element blast simulation. By accurately developing a lower extremity model, we will be able to simulate damages incurred on the lower extremity due to an explosion.
Currently, our simulation provides evidence to support the accuracy of the structural response to a blast wave. There are several extremely important factors that influence the effects of a blast on a structure [4] . In our upcoming simulations, these factors such as peak pressure and location of the explosive will be altered for different cases.
The future development of our model will include more anatomical structures such as major tendons and ligaments. Once all of the structures have been developed accurately, we will provide a complete lower extremity mesh to export into Abaqus, allowing us to evaluate more specific damage imposed on the lower extremity. A high-fidelity lower extremity model will allow the military to enhance the design of protective equipment and improve injury metrics.
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